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DETAILED ACTION 

This Office action is in response to applicant's amendment filed on 28 July 2005. 

Claim Objections 

1 . Claim 1 1 is objected to because of the following informality: 

In claim 1 1 , line 6, change "the gate node" to -a gate node- for proper 
antecedence. 

Appropriate correction is required. 

Claim Rejections - 35 USC §112 

2. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 



3. Claims 7-8, 20 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 
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Claim 7 recites the limitation "the grown dielectric oxide layer" in line 2; and 

Claim 8 recites the limitation "the grown dielectric oxide layer" in line 2. 

This limitation is indefinite because it does not particularly point out if it is 
supposed to be the first dielectric oxide layer from claim 1 , lines 7-8 or the second 
dielectric oxide layer from claim 1 , lines 8-9. 

Regarding claim 20, the clause "an oxidizing ambient consisting of water" as 
used in claim 19, line 6 closes the claim to the inclusion of other ingredients in the 
oxidizing ambient besides water (see MPEP section 21 1 1.03). However, claim 20, 
which depends on claim 19, attempts to limit the oxidizing ambient to also include "an 
ambient consisting of H and OH radicals" in line 2. Accordingly, claim 20 is vague 
because it does not distinctly claim the ingredients of the oxidizing ambient. 



Claim Rejections - 35 USC § 103 



4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 



5. Claims 11,15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Solo de Zaldivar (US 5,610,084) in view of Chau (US 5,763,922) and Chiao et al. (US 
4,757,359). 
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Referring to Figs. 1a-1d, 3, 4a-4c and column 2, line 51 to column 5, line 43, Solo 
de Zaldivar disclose a method of forming an antifuse that includes the following 
features: 

• A silicon substrate (1 ) with field oxide regions (6) is provided; 

• A lower antifuse electrode (4) is formed in the silicon substrate (1 ) by n-type 
implanting through an oxide layer (14) corresponding to an exposed antifuse 
region as shown in Fig. 4a; 

• A mask (22) is used to implant nitrogen (23) through the oxide layer (14) 
corresponding to the exposed antifuse region as shown in Fig. 4b; 

• A 5 nm (i.e. 50 angstroms) thick antifuse oxide layer (3) and a 1 0 nm thick tunnel 
oxide layer (18) are then simultaneously grown by thermal oxidation as shown in 
Fig. 3; 

• An upper antifuse electrode (5) is formed directly on the antifuse oxide (3); and 

• The antifuse is programmed by applying a voltage of approximately 8 volts 
between the lower electrode (4) and the upper electrode (5) (see column 3, lines 

r 

5-20). 

These are limitations set forth in claims .11, 1 5 of the applicant's invention. 

However, Solo de Zaldivar does not expressly teach or suggest using wet 
oxidation with an ambient consisting of water for the thermal oxidation step, which is a 
limitation of claim 1 1 . Also, Solo de Zaldivar lacks the step of determining the 
programmed state of the antifuse, which is also a limitation of claim 1 1 . Further, Solo 
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de Zaldivar lacks the programming voltage being higher than the supply voltage feature 
of claim 15. 

Chau teaches that an oxide layer can be grown on a silicon nitrogen layer by wet 
oxidation using a steam ambient (see column 8, lines 4-13). Chiao et al. teach that the 
programmed state of an oxide fuse can be read using a sense voltage of about 2 volts 
(see column 5, line 30 to column 6, line 2). 

Therefore it would have been obvious to a person of ordinary skill in the art at the 
time the invention was made to combine the teachings of Solo de Zaldivar and Chau in 
order to grow the antifuse oxide layer of Solo de Zaldivar by wet oxidation using a 
steam ambient as taught by Chau. Chau recognizes that thermal oxidation by wet 
oxidation using a steam ambient results in the formation of a pure oxide layer that 
advantageously helps reduce hole injection from the overlying polysilicon gate electrode 
(see column 8, lines 4-13). It also would have been obvious to use a sense voltage as 
taught by Chiao et al. in order to determine if breakdown of the antifuse oxide layer of 
Solo de Zaldivar has occurred (i.e. to determine if the antifuse has been programmed). 

6. Claims 12-14 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Solo de Zaldivar (US 5,610,084), Chau (US 5,763,922), and Chiao et al. (US 4,757,359) 
as applied to claim 1 1 above, and further in view of Fifield et al. (US 2004/0004269 A1 ). 

As shown above the combination of Solo de Zaldivar, Chau, and Chiao et al. has 
all of the limitations set forth in claim 1 1 of the applicant's invention. However, this 
combination lacks the switchably coupled feature of claim 12, the transistor connected 
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in series feature of claim 13, and the sense amplifier feature of claim 14. Referring to 
Fig. 6 and paragraphs [0039] to [0051], Fifield at al. teach an antifuse circuit that 
includes a current source (35) connected through a coupling transistor (36) to an 
antifuse element (200) and a transistor (31 ) for reading the antifuse (200) that is 
coupled to a voltage source (30) and a fuse latch (33). The read transistor (31 ) can 
operate as a switch or can be biased as an amplifier. 

Therefore it would have been obvious to a person of ordinary skill in the art at the 
time the invention was made to further combine the teachings of Solo de Zaldivar, 
Chau, and Chiao et al. with those of Fifield et al. in order to incorporate the antifuse 
circuit as taught by Fifield et al. Fifield et al. recognize that their antifuse circuit has the 
advantage of being able to read the programmed state of the antifuse independently 
from the actual antifuse programmed resistance (see paragraph [0051]). 

7. Claims 19-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Solo de Zaldivar (US 5,610,084) in view of Chau (US 5,763,922). 

Referring to Figs. 1a-1d, 3, 4a-4c and column 2, line 51 to column 5, line 43, Solo " 
de Zaldivar disclose a method of forming an antifuse that includes the following 
features: 

• A silicon substrate (1 ) with field oxide regions (6) is provided; 

• A lower antifuse electrode (4) is formed in the silicon substrate (1 ) by n-type 
implanting through an oxide layer (14) corresponding to an exposed antifuse 
region as shown in Fig. 4a; 
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• A mask (22) is used to implant nitrogen (23) through the oxide layer (14) 
corresponding to the exposed antifuse region as shown in Fig. 4b; 

• A 5 nm (i.e. 50 angstroms) thick antifuse oxide layer (3) and a 10 nm thick tunnel 
oxide layer (18) are then simultaneously grown by thermal oxidation as shown in 
Fig. 3; and 

• An upper antifuse electrode (5) is formed directly on the antifuse oxide (3). 
These are limitations set forth in claim 1 9 of the applicant's invention. 

However, Solo de Zaldivar does not expressly teach or suggest using wet 
oxidation with an ambient consisting of water for the thermal oxidation step, which is a 
limitation of claim 19. Also, Solo de Zaldivar lacks the use of shallow isolation trenches 
(also a limitation of claim 19) and, instead, teaches the use of field oxide regions (6) for 
defining active regions 

Chau teaches that an oxide layer can be grown on a silicon nitrogen layer by wet 
oxidation using a steam ambient (see column 8, lines 4-13). Chau also teaches the use 
of shallow trench isolation regions (204 in Fig. 2) to electrically isolate an NMOS device 
(210) from a PMOS device (250) (see column 3, lines 12-13). 

Therefore it would have been obvious to a person of ordinary skill in the art at the 
time the invention was made to combine the teachings of Solo de Zaldivar and Chau in 
order to grow the antifuse oxide layer of Solo de Zaldivar by wet oxidation using a 
steam ambient as taught by Chau. Chau recognizes that thermal oxidation by wet 
oxidation using a steam ambient results in the formation of a pure oxide layer that 
advantageously helps reduce hole injection from the overlying polysilicon gate electrode 
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(see column 8, lines 4-13). Also, it would have been obvious to a person of ordinary 
skill in the art at the time the invention was made to modify the teachings of Solo de 
Zaldivar by substituting shallow trench isolations, as taught by Chau, for the field oxide 
regions of Solo de Zaldivar because shallow trench isolations and field oxide regions 
are recognized in the art as equivalent ways to isolate active regions. 

Regarding the H and OH radicals limitation of claim 20, this is a functional 
limitation that is presumed to be inherent to the above combination of Solo de Zaldivar 
and Chau because this combination is substantially identical to the applicant's as 
claimed process. Accordingly, per MPEP section 21 12.01 , a prima facie case of 
obviousness has been established and the burden shifts to the applicant to show that 
their method as claimed in claim 20 is different from the combination of Solo de Zaldivar 
and Chau. 

Allowable Subject Matter 

8. Claims 1-6, 10 are allowed. 

9. Claim 21 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form to include all of the limitations of 
claim 19. 



Application/Control Number: 10/697,446 Page 9 

Art Unit: 2813 

1 0. The following is a statement of reasons for the indication of allowable subject 
matter: Claims 1-6, 10 are allowed and claim 21 would be allowable because the prior 
art of record does not teach or suggest, in combination with the other claim limitations, a 
method of forming an antifuse on a semiconductor substrate that includes implanting 
nitrogen into a first portion of the substrate that corresponds to the antifuse combined 
with implanting nitrogen into a second portion of the substrate, wherein oxide layers are 
subsequently formed over both the first and second portions using the same wet 
oxidation step and the thickness of the oxide layers corresponding to the first and 
second portions are different. 



Response to Arguments 

1 1 . Applicant's arguments with respect to claims 11-15 have been considered but are 
moot in view of the new grounds of rejection. 

Conclusion 



12. Applicant's amendment necessitated the new grounds of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

1 3. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Stephen W. Smoot whose telephone number is 571- 

272- 1698. The examiner can normally be reached on M-F (8:00 am to 4:30 pm). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead, Jr. can be reached on 571-272-1702. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 

273- 8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 
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